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CHTTOSAN INDUCED IMMUNOPOTENTIATION 

This application is a Continuation-in-part of U.S. Patent Application 
Serial No. 08/311,532 filed September 23, 1994, which is currently pending. 

FIELD OF THE INVEiyT fQffi 
The present invention relates generally to methods for potentiating 
an immune response in an animal, compositions to effect the potentiation, and 
methods to produce the compositions. More specifically, the invention provides 
methods comprising the use of a protcin/chitosan conjugate or a protein/chitosan 
suspension to potentiate an immune response, protein/chitosan conjugates or 
protein/chitosan suspensions to efOct potentiation, and methods to prepare the 
protein/chitosan conjugate or protein/chitosan suspension. 

MCK£RCI?ra QF THE INVENT^ 
Recent bioteclmological ndvances have facilitated identification of 
components in complex antigens which provide hope for successful development 
of safe and practical vaccinrs. Often, however, these isolated select components 
are not as immunogenic as the ^mpld-; complex antigens from which they were 
derived. In order to enhance an immune response to the weakly antigenic 
immunogen in a recipient amirV. adjuvants are frequently administered with the 
immunogen. Despite the universal accc.ptr.nce of adjuvants, however, the number 
suitable for use in humans is limited. 

Ideally, an adjuv-mt should potentiate long-lasting expression of 
functionally active amiboJics, c'-it coil-mediated immunity (CMI), and enhance 
production of memory T- and B-lymphocytes with highly specific 
immunorcactivity against an invad n 2 antipen. In addition to providing a defense 
upon immediate challenge with an fore' n antigen, these responses should provide 
protection n-ninst any future encounters of the host with a specific antigen. More 
important is the ability c r an n;"-.ant to augment the immune response with a 
minimum of toxic siJ:t effects. T^rcforc, efficacy of an adjuvant is described in 
terms of how it balances positive (potentiated immunity) and negative (toxicity) 
influences. 
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Controlled immunization for the purpose of stimulating antibody 
production by B cells is dependent upon a myriad of factors inherent to both the 
antigen itself and the immunized animal. In general, the farther removed in 
evolutionary terms the antigen, or its source, is from the invaded host, the more 
5 effective the immune response elicited by the antigen. Antigens derived from 
closely related species are less competent in eliciting antibody production due to 
the fact that the host immune system is unable to clearly distinguish the foreign 
antigen from endogenous, self antigens. In addition, the dosage of the antigen, 
the purity of the antigen, and the frequency with which the antigen is administered 

10 are also factors which sign ; ricanily contribute to the resulting antibody titer and 
specificity of the resulting antibodies. Still other factors include the form, or 
complexity, of the antigen, and how the antigen is administered. Finally, both the 
genetic makeup and oven i I physiological state of the immunized animal contribute 
to the extent to which an i:::mu.*.e response is mounted. Of these factors, the 

15 form or complexity of the ^.niig'-n is directly affected by immunization with an 
adjuvant. 

Current un 'crstan ^nrr suggests that adjuvants act to augment the 
immune response hy a variety of different mechanisms. In one mechanism, the 
adj :vant directly stimuhtrs one of either CD4 + helper T-cell subpopulations 

20 designated T H 1 or T M 7. f ^mann and Coffman, Ann.RevJmmunoL 7:145-173 
(1989)]. Helper T cclis arc required for B-cell antibody responses to most 
antigens. In an appropriate i.r-mune response, an antigen is captured and 
processed by an antigen-presenting cell (APC), e.g., circulating or tissue 
macrophages, and prescn-cd on i.te surface of the APC in association with a class 

25 II major histocompatibility C 0-IQ molecule. In this form, the antigen can 
interact wiih rv-.'V.ors r-- " ^ surface of helper T cells thereby activating the 
particular r uhp^>pulat:on of ce'Js to express and secrete any of a number of 
cytokir.es. The nature of cytokine production depends on the subset of helper T 
cells activated, a result ? hru "an be modulated in part by the choice of adjuvant. 

30 For e v :nrple, alum, an a luminal rait adjuvant approved for clinical use in 
hu!;*..-r.s, Ins been rq>crt -! to sclrctivcly activate T H 2 cells in mice [Gmn and 
Maurcr, Crll.I-" mol. r/: ! 3l-M5 (19*9)], while Freund's complete adjuvant 
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(FCA), an emulsion of mineral oD with killed mycobacteria [Freund, a al., 
Proc. Soc. Exp. Biol Med. 37: 509 ( 1 937)], preferentially activates murine T H 1 cells 
[Gnin and Maurer, CclUmmunol. 727:134-145 (1989)]. 

Another mechanism by which the immune response is augmented 
5 involves the direct stimulation of B cells by, for example, lipopolysaccharide 
(LPS) from Gram-negative bacteria . [Gery, et al. , J. Immunol 108: 1088 (1972)]. 
LPS has also been shown to stimulate secretion of interferon-7 (INF-7) [Tomai 
and Johnson, J.BM.Resp.Med. 8:625-643 (1989)], which both inhibits 
proliferation of T H 2 cells and stimulates differentiation of T H 1 cells [Gajewski, 
10 etal.,J.lmmimol. MJM5-22 (! ;«9); Gajewski, et al., J. Immunol. 745:1750-1758 
(1991)]. The mechanism by which LPS potentiates the immune response is 
therefore through direct stimulation of B cells, and indirect regulation of both T u l 
and T H 2 ce!! populations. 

Still o'.her modes of immunopotentiation have been reported for 
other adjuvants. Oil emulsions (i.e., Freund's complete adjuvant [FCA], 
Freund's incomplete adj, r . and i iposomes act ^ fonnation 

as does alum, thus allowing f; , s!o,v rr'case of antigen. Slow release of antigen 
permits extended exposure of the. intif en to the immune system and also allows 
for initi-..l immunization with a dosage of antigen that, if delivered at one time, 
would ordinarily be countcrprod-ctivs to antibody formation. It has been 
previously ir ported that while a large, initial dose of antigen results in the 
production of a higher immediate i ter of antibody, the increase in antibody titer 
and increase in antibody sp-cl:--/ as a function of time is not as great as 
Observed wit'- lower and :; ,orc fluent doses of antigen [Siskind, G., Pharm.Rev. 
25 25:319-324 (1973)]. Therefor, adjuv-r.ts which control presentation of an 
antigen to the immune system modulate ar-igen dosage in addition to altering the 
form, or complexity, rf the antigen. 

To date, only one -'juvant, alum [AJK(S0 4 ) 2 H 2 0], has proven 
sufficiently non-toxic to ncrri' : :- ::se in humans. AJum not only acts through 
T H 2 cell acivation, dq.ot fom.aiion and slow release of antigen following 
immunization [Edchnan, Rcv.i. a.Dis. 2:370-383 (1980); Warren, et al., 
Ann.Rcv.Imnr.nol. 4:30?-?.™ but a'so through granuloma fonnation by 
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attracting immunocompetent cells [White, et aL, J.Exp.Med. 702:73-82 (1955)] 
and activation of complement [Ramanathan, et aL, Immunol. 37:881-888 (1979)]. 
However, alum is not without its negative side effects which include erythema, 
subcutaneous nodules, contact hypersensitivity, and granulomatous inflammation. 
5 Other adjuvants, which are widely employed outside of human application, arc 
also the focus of continuing research to develop acceptable alternatives for use in 
humans. Lncluded are the ?<bove mentioned oil emulsions (i.e., FCA and FIA), 
bacterid! products (i.e., LPS, cholera toxin, mycobacterial components and whole 
killed Corynebacrchum panwn, Corynebacterium granulosum, and Bordetella 

10 pertussis, liposomes, immimostimulating complexes (ISCOMs), and naturally 
occurring and derivatized polysaccharides from other than bacterial sources. 

The immun. potentiating capacity of polysaccharides has been a 
focus of investigation ov-r tl^. past few years as these compounds are widespread 
in nature, e.g., as strrtvnl components in the cell walls of bacteria, and 

15 exoskelctons of insects and crustacca. Lipopolysaccharide (LPS) isolated from 
certain Gram-negative bacteria is one such polysaccharide even though the 
adjuvant properties of TJ-S are derived mainly from the lipid A region of the 
molecule, and not from t:.e ^-specific polysaccharide or core oligosaccharide 
regions of the molecule. I.°S, which augments both humoral [Johnson, et al., 

20 J.Exp. Med. 70J:225-2- J * (1956)] and celJ-mediated immunity [Ohta, et al., 
hnmwwbiology 53:827 f -3-i)], possesses numerous biological activities, but is 
impractical for use in hirnnns due to its inherent toxicity as reviewed by Gupta, 
et al, Vaccine 77:291 (1993). Attention has therefore shifted to other 
polysaccharides including , ?mong ethers, chitosan. 

25 Chitosan I;? (!-4)-2-arnino-2-deoxy-D-glucan] is a derivative of 

chitin and h^s been wH~"v used in biomedical applications, due in part to is 
biodegndability by lyso:- * .e and l^w toxicity in humans. These same properties 
have resulted in increased interest in chitosan as an immunopotentiating agent. 
For cv-impk\ Maiuhash:, ct a!., in U.S. Patent No. 4,372,883, disclosed 

30 conjugation of soluble polysaccharides, including chitosan, to normally toxic 
antigens, conjugal" n th'— 1 y detoxifying the antigen and permitting its use as an 
immunnncn. Man. hash* aL, however, did not address the use of insoluble 
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forms of chitosan, nor did Mamhashi compare the resulting serum antibody titer 
with that obtained from immunization with other known adjuvants. 

Likewise, Suzuki, etal., in U.S. Patent 4,971,956, disclosed the 
use of water soluble chitosan-o! isomers as therapeutics for treatment of bacterial 
5 and fungal infections, as well as for the treatment of tumors. Suzuki, et al, 
discussed the difficulty in modifying chitosan to produce an appropriate water 
soluble form, disclosing that wafr-insoluble forms are impractical for therapeutic 
application. In addition, Suzuki c.r al, d'>cs not disclose conjugation of an antigen 
to chitosan to effect enhanced : mmune response. 
10 Mitsuhashi, a a.. , in U.S. Patent 4,814,169, disclosed the use of 

human protein conjugated to soluble polysaccharides, including chitosan, to 
generate antibodies again.-! human protein in non-human animals. Administration 
of the human protein Vc!y saccharide solution was by intravenous, intraperitoneal, 
or subcutaneous injection. Ot}.*r routes, including oral and rectal administration, 
15 were not addressed in the disr'.^-ure. 

NLhimura, a [Vaccine 2:93-99 (1984)] reported the 
immunological properties of derivatives of chitin in terms of activation of 
peritoneal macrophages !n vivo, suppression of tumor growth in mice, and 
protection against bacteri d ir.fv-iion. Results suggested that both chitin and 
20 chitosan were ineffective stim.u'-.tors of host resistance against challenge with 
tumor cells or bacteria, but tMt chitosan moderately induced cytotoxic 
macrophages. Results with mod "led, dc-acctylatcd chitosan, which forms a gel 
in an aqueous environment, was ' u wn to more effectively activate macrophages, 
suppress tumor rro.vth and stimulate resistance to bacterial infection. 
25 Marcinkie-icz. n al., [Arch.Immunol.Ther.Exp. JP:127-132 

(1991)] exemined the inimrncr'i'vant activity of water-insoluble chitosan and 
reported significant enhancement of T-ccpcndent humoral response, but only 
moderate augmentation of T-i ' pendent humoral response. The enhanced 
humoral response was detected •.. h chitenn at doses of 100 mg/kg administered 
30 either intravenously or ir.t^pcrii -.caJly. Subcutaneous and oral administration 
were specifically report >,\ -< s be' 5 ineff^iive. In addition, Marcinkiewicz, et 
al., docs not suggest cor'-fti f an antigen to insoluble chitosan, stating that 
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chitosan "resulted in the same response irrespective of the site of administration - 
either together or separately from antigen." 

In light of the fact that only one existing adjuvant has been 
approved for use in humans, there thus exists a need in the ait to provide novel 
5 and less toxic adjuvants for potential application in humans. Improved adjuvants 
will permit the production of more effective vaccines and will improve the 
production of monoclonal antibodies with therapeutic potential. 

SUM MARY OF THE INVENTION 
In one aspect, the present invention provides a method for 

10 potentiating an immune response comprising the steps of conjugating an antigen 
to a chitosan adjuvant and administering the protein/chitosan conjugate to an 
animal. The immune rerporre is characterized by a rapid class switch from IgM 
to IgG production. The present invention encompasses antigens including antigens 
in the form of proteins, carbohydrates, Lipids, glycoproteins or combinations 

15 thereof. The chitosan adj . v-nt m?.y be soluble or insoluble; the insoluble adjuvant 
being either gelatinous or articulate in form. Conjugation of the antigen may be 
effected through chemical blinking, ionic interaction, physical intercalation, 
hydrophobic interact", ns, hy: ! rophi!ic interactions, or covalent modification. A 
preferred method fcr cn^lmkjng an antigen to the adjuvant is via use of 

20 glutaraldchyde. Wbm rh:r<ra!dchvde is used for crosslinking, the resulting 
antigen/chitosan im^unnre^ may be cither particulate or gelatinous, depending 
on the degree of crosslinking. The ratio of antigen to chitosan may range from 
1:100 to 100:1, but is nr^erable in the range of 1:4 to 1:10, all ratios being 
weight of antigen to w?( -Wit of chitosan. An alternative preferred ratio is 

25 10:1. A:vigcn may be. c~ i -? T aied to the particulate. chitosan adjuvant on the 
exterior surface of 'he n .!c!e, on an interior surface of the particle, or a 
combination of both in^r r and exterior conjugation. The antigen/chitosan 
conjugate may bcadmirk. red to the animal orally, intra-nasally, intra- vaginally, 
intra-rectaMy, or via in::- "riioneal, intravenous, or subcutaneous injection; 

30 adminhs' Hiiion may co - • a single route or a multiplicity of routes. The 
antigcn.';hiiosan con : "g"..--' -ny be administered alone, or in combination with any 
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of a number of other adjuvants. Immunization may comprise a single 
administration or a multiplicity of administrations. 

In another aspect, the invention provides an adjuvant comprising, 
in combination, chitosan with a chelated metal ion. The metal ion may, for 
5 example be iron or a transition metal such as copper, nickel, or zinc. 

Also provided in an immunogen, the immunogen comprising 
chitosan with a chelated mcr! ion and an antigen. The antigen can include, but 
is not limited to proteins, can ohydratcs, lipids, glycoproteins or combinations 
thereof. Protein antigens may be naturally occurring or recombinant. The 
10 antigen may be conjugated to the adjuvant by covalent bonding. Preferred 
covalent attachment is via crosslinking using glutaraldehyde. The resulting 
crosslinked immunogen nay be particulrte or gelatinous, depending on the degree 
of crosslinks. The ah:i P cn may also be combined with the adjuvant through 
ionic interaction. For example, v. hen the antigen is a recombinant protein which 
15 comprises a po!y-histidine (r^y-HIS) amino acid sequence, the poly-HIS region 
can interact with the chelated m~ta! ion. When the antigen is a protein, the poly- 
HIS amino acid sequence may be located at the carboxyl or amino terminus, or 
an interna! region of the profit v.h'rh docs not significantly alter the naturally 
occurring tertiary or quartennr- ^rvrturc. of the protein. 
20 A,so Prided r. - method for producing an adjuvant comprising 

the steps of preparing a chiton mlution. chelating a metal ion to the chitosan to 
produce a mctal/chitosan cc m^x, and isolating the metal7chitosan complex. 
Comprchend-d are methods which include a metal ion which may be, but is not 
limited to, ir-n or a tram : tion metal Mich as copper, zinc, or nickel. 
25 • he invention a' o provides a method for producing an immunogen 

comprising V.-.c steps of prcpari-" ? chitosan solution, chelating a metal ion to the 
chitosan to pnducc a netal/c: i<o.v n complex, and combining an antigen with the 
metal/chitosa:) complex. The meta ! ion in the immunogen can include, but is not 
limited to, iron or a tn.nsi'irn m s:rh -s copper, nickel, or zinc. The antigen 
30 may be, but is not limited to a protein, carbohydrate, lipid, glycoprotein or 
combination th -of. The pt-eH antigen n ay be naturally occurring or 
recombinant. The antigen may »« combined to the adjuvant by covalent bonding. 
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Preferred covalent attachment is effected by crosslinking. The preferred agent for 
crosslinking is glutaraldchyde. The resulting crosslinked immunogen may be 
particulate or gelatinous, depending on the degree of crosslinking. Alternatively, 
the antigen may be combined with the adjuvant via ionic interaction. Preferred 

5 ionic interaction is effected via a recombinant protein antigen comprising a poly- 
HIS amino acid sequence which interacts with the chelated metal ion. Thepoly- 
ins sequence on the protein antigen may be located at either the carboxyl or 
amino terminus of the protein. Alternatively, the poly-HIS region may be located 
at an internal region of the protein which does not significantly alter the tertiary 

10 or quartenary structure of the naturally occurring protein. The resulting 
immunogen may be administered 

Also provided by the invention is a method for producing an 
immunogen comprising the steps of preparing a chitosan solution, combining an 
antigen with the ch/.osan to form an antigen/chitosan complex, and chelating a 

15 metal inn to the anti[ ?n/chitosan complex. Hie metal in the immunogen may be, 
but is rot limited to, iron or a transition metal, such as copper, nickel, or zinc. 
In the preferred method, the antigen is covalently attached to the chitosan via 
crossl.ink.ing. The preferred agent to effect the crosslinking is glutaraldehyde. 
The antigen may he, hut is not limited to, a protein, carbohydrate, lipid, 

20 glycoprotein or coir ination thereof. If the antigen is a protein, it may be either 
natura^y occurring r r rcc^m* inant. 

As an -'her aspect, the invention provides a method for potentiating 
an immune response co np: ; sing the steps of mixing an antigen with a chitosan 
immunopotentialing a^:p.( and administering the suspension to an animal. The 

25 immune response is ch^acterized by a rapid class switch from IgM to IgG 
production. The rv : * antigen to chitosan may range from 1:100 to 100:1, but 
is prcff-rable in the r \re of . \ ! to 1:10. The chitosan adjuvant may be soluble 
or insoluble; the in;;* ' >Mc n ' ;> van: being particulate or gelatinous in form. The 
antigen/chitosan sir ^i*^ 1 may he administered to the animal orally, intra- 

30 nasally, intra-viginal'y. \:r n-recta n y, or. via intraperitoneal, intravenous, or 
srbcuiancous injectio:" administration may comprise a single route or a 
multipWcity of rou! p - he ?"*.><v.n/chitosan mixture may be administered alone, 
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or in combination with other adjuvants. Immunization may comprise a single 
administration or multiple administrations. 

As another aspect, the invention provides a method for potentiating 
an immune response comprising the steps of forming an adjuvant comprising 
5 chitosan and a chelated metal ion to form a metal/chitosan complex, combining 
an antigen with the metal/chitosan complex, to form an immunogen, and 
administering the immunogen to an animal. The metal ion component of the 
immunogen may be, but is not l : mitrd to, iron or a transitional metal such as 
copper, nickel, or zinc. The antigen enmponent-of the immunogen may be, but 
10 is not limited to a protein, carbohydrate, lipid, or combination thereof. The 
weight: w eight ratio of antigen to chitosan may be 100:1 to 1:100. A preferred 
ratio is 10:1, as determine by v/cight of antigen to wet weight of metal/chitosan 
complex. The antigen nip v be rovalcntly bonded to the metal/chitosan complex; 
the preferred method for cov :! m attachment is via crossiinking. A preferred 
15 crossiinking agent is glutanUchydc and the resulting crossltnked immunogen may 
be particulate or gelation* depending on the degree of crossiinking. 
Alternatively, the antigen my be arched to the adjuvant via ionic interaction. A 
preferred method for att-chmer-! Hih ionic interaction is through use of a 
recombinant protein antir r comprising a paly-HIS amino acid sequence, the 
poly-inS scq-icnr- cap- !c r interacting with the chelated metal ion. The 
poly-inS rcgi-n of t:.i pro: >ir. m-.y be crrlwcyl or amino terminal to the protein, 
or may be internal to the protein in such a manner as to not sign ificantiy alter the 
naturally occurring tertiary or quatcrv.-ry structure of the protein. The 
immunogen may be administered to tl «. animal orally, intra-nasally, intra- 
25 vaginally, in:r..-rccH!y, < via intnp: - i-.oneal, intravenous, or subcutaneous 
injection; adm"-v<t ration T r. y o v rise a single route or a multiplicity of routes. 
The immunor .i s = s -nsioi - ■ \k. administered alone, or in combination with 
other adjuva.-ts. imnr.iruzation ..lay com •. ise a single administration or multiple 
administrations. 

In another aspect of the invention, a composition is provided which, 
when adminis: -o an / I, wir oten-iatc an immune response, the 
composition cr .. visi:-» a a -j- 1 Mwr-n a protein and chitosan. The chitosan 
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component may be soluble or insoluble; the insoluble adjuvant being gelatinous 
or particulate in form, depending on the method by which the antigen is combined 
with the adjuvant. Conjugation may be effected through chemical crosslinking, 
ionic interaction, physical intercalation, or covalent attachment. The ratio of 

5 protein to chitosan may range from 1 : 100 to 100: 1 , but is preferable in the range 
of 1:4 to 1:10. The resulting composition is suitable for administration orally, 
Lntra-nasaUy, intra-vagina!!y, in'ra-ractally, or via intraperitoneal, intravenous, or 
subcutaneous injection. 

In anothc r aspect of the invention, a composition is provided which, 

10 when administered to an animal, will potentiate an immune response, the 
composition comprising a suspension of a protein and chitosan. The ratio of 
protein to chitosan may nngc from 1 : 1 00 to 1 00: 1 , but is preferable in the range 
of .1:4 to 1:10. The rcsvltinr. composition is suitable for administration orally, 
intranasaily, intravaginally, intrarccially, or via intraperitoneal, intravenous, or 

15 subcutaneous injection. 

In anchor aspect of the invention, a method is provided for 
preparing a compound which potent iates an immune response, wherein an antigen 
is conjugated to a chitc^n adjuvant, the resulting conjugate thereafter being 
suitable for administration to an animal. Conjugation may be effected through 

20 chemin! crosslinki.nr, i r '*.ic interaction, physical intercalation, hydrophobic 
interactions, hydrop! :lic interactions, or covalent attachment. The ratio of 
protein to chitosan nvy range from ] : 100 to 100: 1 , but is preferable in the range 
of 1:1 to 1:U). 

In ano'her aspect of the invention, a method is provided for 
25 preparing a compo-m 1 w! *~h potentates an immune response, wherein an antigen 
is mix" ! with a chi'~ran ? i; 'ivnnt to form a suspension which can subsequently 
be a l.ninistered to a:. an : -»\ Th rt . ratio of protein to chitosan may range from 
1:100 to 100:1, but i* pr* riblc in the range of 1:4 to 1:10. 
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DES CRITTTON OF THF DRAWINGS 

Numerous other aspects and advantages of the present invention 
will be apparent upon consideration of the following description thereof, reference 
being made to the drawing wherein: 
5 Figure 1 compares (he mean titer of IgM in mouse sera seven days 

after immunization with ovalbumin and various commercially available adjuvants; 
and 

Figure 2 compares the mean titer of IgG in mouse sera seven days 
after immunization with ovalbumin and various commercially available adjuvants. 

10 ILrX A JI iEEL D F. S CKIPTT Q N OF THE INVENTION 

The present invention is illustrated by (he following examples 
relating to a method of ir.m'inopotentiation which utilizes a protein/chitosan 
conjugate or a protein/chiton suspension, as well as methods to prepare the 
conjugate and/or suspension. Tn particular, Example 1 relates to the preparation 
15 of chitosan particles with an intercalated antigen. Example 2 addresses 
conjugation of p.p. rntigen :o ^ ; t n.~ n panicles. Example 3 describes a general 
immunization protocol. Kvmpic A relates an enzyme linked immunosorbent 
assay (ELISA) utilized in p. T ! measurements to determine serum antibody titer. 
Example 5 describes a cor- arrive analysis of the ability of chitosan to stimulate 

20 an immune rc^ ns>t to that of other frequently employed adjuvants. Example 6 
demonstrates the abi hy of chh -*.ph tn stimulate macrophages in vitro. Example 
7 relates to chitosan nation as a function of route of administration. 

Example 8 provi :es a cp t \ . : of the ability of chitosan to stimulate an 
immune rcrpon^ to ih?i o r -vmmcrchliy available adjuvants. Example 9 

25 describes chito:vui imp-" ^potentiation as a function of form of the 
antigen/chiton association. hxample 10 relates preparation of a metal/chitosan 
complex adjuv-.t. Eramn 1 - I ! -'circles immunopotcntiation with a porcine zona 
pellucida prccm combi — ' --m 1 - vprio r metal/chitosan adjuvants. Example 12 
demonstrates u<:c of a -'»rh ' ^juv r.\ with another porcine zona pellucida 

30 protein. Ex?n\\, ndes-/:!! ratior. i.f an iron/chitosan adjuvant. Example 

14 addresses pa!mi'ylati-r < f m-tal/chi'^san complex. Example 15 describes 
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the immune response with and without palmitylation of the metal/chitosan 
adjuvant. 

Example 1 

Preparation of Chitosan Associated Antigen 
5 While the following procedure is exemplified in terms of 

formulating a chicken alhmin/chitosan immunogen, those of ordinary skill in the 
art will readily appreciate that any of a number of other antigens can be 
employed. 

A 2% solution of practical grade chitosan (Sigma, St. Louis, MO), 

10 derived from crab shells, was prepared in 0.5 N sodium acetate at pH 5.0. 
Approximately 10 - M m g albumin was dissolved in 4 - 5 ml 0.5 M sodium 
acetate buffer, pH 5.0, * n d 2 ml of the 2% chitosan solution. This 
antigcn/chito:nn miy»"r? w~r. added drop by drop to a beaker containing 25 ml 2- 
butanol, saturated wi'h sodium acetate, with simultaneous stirring and sonication. 

15 After mixing, 2 ml 1 N NaOH war added one drop at a time to the mixture and 
sonication continued for 1 - 3 minufs. The resulting emulsion was transferred 
to a 50 ml beaker and eoole^ on ice for 5 minutes with occasional shaking. The 
emulsion was separated by centrif.isration with a IEC centrifuge at setting #6 
(Internal^- s Equipment ^mpany, Needham Heights, MA) for 3 - 5 minutes, 

20 the top bu. .nol layer was discarded, and 25 ml sterile phosphate buffered saline 
(PBS) was added to the aqueous layer which included the interface precipitate. 
The resulting emulsion was thoroughly mbced and the chitosan-antigen particles 
pelleted by ccmrifugaticn hr 3 - 5 minutes. The supernatant was decanted and 
the relet washed two tin^s each with 25 ml PBS. The wash solution was 

25 decanted, 7 ml P^S w«- added and the resulting suspension was mixed 
thoroughly. The stirrer, ion was continually sonicated as 20 yA 25% 
ghitaraldehyde (Sigr.vv Zl I ouis, MO) was added. After 2 minutes sonication, 
15 ml cold, ste. iJe ITS was added and the suspension was cooled on ice for 5 - 
10 minutes. The chiton associated antigen particles were pelleted by 

30 centri'" ration hr 5 mLutes, the .-i-ematant decanted, and the resulting pellet 
was!- ' l—e : -es - : 'h 25 -! st :r:lc PBS. The supernatant from the final wash 
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was decanted and the pellet rcsuspended in 2-3 ml sterile PBS, and thoroughly 
mixed. This suspension of chitosan associated antigen was either used for 
immunization or subjected to further modification as described in Example 2. 

A nt igen/chitosan particles prepared by this method comprise antigen 
intercalated and crossUnked generally within the porous structure of the chitosan 
particles. 

Example 2 

Conjugation of Peptide Antigen to.Chitosan Particles 
VHc the following procedure is exemplified in terms of 
formulating an chicken ovalburrv.n/chitosan immunogen, those of ordinary skill in 
the art wtfj readily appreciate that any of a number of other antigens can be 
employed. 

In order to covalently attached antigen to the surface of chitosan 
particles, t*e chitosnn P a ; tick /antigen suspension obtained from Example 1 was 
subjected to the following mcvr.ration. A 1.667 M | aliquot of 5 mg/ml N- 
8UCcinimidyl-3-(? ;-.yryc!yldithio) propionate (SPDP) (Pierce Chemical Company, 
RockforrI, IL) in dimet! ylsul^xide (DMSO) (Sigma) was added to 1 ml of the 
suspension and allowed to react with the chitosan particles for at least 30 minutes, 
and usually up to one hour, with occ-ional mixing. The suspension was 
centrifuged r.nd the rupcr-.^ .'-ranted. The pellet was washed three times with 
1 ml PBS and ancr <hc ' -st w:^, the suspension was centrifuged and the PBS 
discarded. An aJ rutin solution (1 ml at a approximately 1 - 2 mg peptide/ml) 
was add' d to the pa llet, f •• ;,tr vision ronfcatod, and the mixture allowed to react 
overnight with gr:-Jc :nix:n« at room temperature. Following overnight 
25 incubation, the suspension was centrifu»pd for 5 minutes and the supernatant 
decanted. The pcl'et w« - h ed r'-rcc tirr.es with 1 ml PBS per wash. 
Follow!:* the last wash, -he ru— n«iVn was centrifuged and the supernatant 
discarded. TPS (- - rox= — »• ■ 1 ml) w?s addcd the SUS pen S ion sonicated. 
The f\r.-\ SM'pcnsi' ■) wa *>'. until use 



15 



20 
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Example 3 
Immunization Protocol 
Unless otherwise stated in the examples, the following 

immunization protocol was employed throughout. 
5 Mice were immunized generally with variable amounts of antigen 

in a 100 ^1 volume either via intraperitoneal, subcutaneous or intramuscular 
injection with desired recombinant protein complexed with metal chitosan. Prior 
to the initial immunization, animals were bled to obtain control serum. After the 
initial immunization, animals were bled at weekly intervals and antigen titer 
10 determined by ELISA as described in Example 4. All animals were boosted with 
an injection identical to the initial immunogen three to four weeks after the initial 
immunizati vi. 



Example 4 

Enzyme Linked Immunosorbent Assay (ELISA) 

15 Assessment of the def rcc to which chitosan, in combination with 

an antigen, is able to cnL-r.cc ?.n immune response was made utilizing an enzyme 
linked immunosorbent as&ay (ELISA) well known in the art. The protocol 
employed was as follows. 

Flat bottom polyvinyl chloride 96 well assay plates (Falcon #3912) 

20 were coated ovenvght at 4 C with antigen (50 /xl/weU at 5-10 /xg/ml) in 
carbonate-bicart .->nr.ie buffer, pH ?.6. The plates were washed with PBS 
cor.tnm'mg 0.5% poly ■ • yi^vlene (20) sorbitan monolaurate (Tween 80) 
(Malb.nckr: 't S^cinlty Che.ni nl Company, Paris KY) (PBS-T) and postcoated 
with PBS-T containing 2 * non-fat dry milk.(PBS-NFDM) ifortwo hours at room 

25 temperature to inhi! 'i nor. -pec: He binding. Following three washes with PBS-T, 
50 //I of sample or ^ontrcl scnun diluted in PBS-T was added to each well, the 
pbtcs were cover-:! :md m-'ibat^ 1 1 hr at room temperature. The plates were 
ea w:shc : thr-e ti.- ^ with PBS-T an* 50 /d of a 1 : 1000 dilution of biotin 
laboi:.\! goat arvi-n ^.\:'z . r (: eluding both heavy and light polypeptide chains) 

30 (Zymcd I .era. cu es J. San Fnncisco, CA) or biotin labelled goat 
anti-mouse igM fSo* 'h^ni : o— chn^^gy Associates, Birmingham, AL) in PBS-T 
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was added to each well. After 1 hr at room temperature the plates were washed 
with PBS-T and 50 ?\ of PBS-T containing horseradish peroxidase conjugated 
avidin biotin complex from a Vectastain ABC kit (Vector Laboratories, Inc., 
Burlinr.ame, CA). The enzyme substrate was 50/zl of 400 /ig/ml o- 
phenylcnediamine (Sigma). Plaies were allowed to develop in the dark at room 
temperature for 20 min. The optical density (OD) at 450 nm was read on a 
Dynatcc T aboratories MR 70-0 (Chantilly, VA), using water as a blank. 

Example 5 

Comparative Imrouoop.-.tenfiation -.nth Chitosan Associated Antigen 

In order tn determine the relative degree to which chitosan is able 
to effect iromunopotcntjation, a comparative study was undertaken wherein groups 
of mice wer C individually irr,- !; ,; 7 , d with chicken ovalbumin in combination with 
either chilosan f prepared as . scribed in Example 1), phosphate buffered saline 
(PBS), Freund's Complete and Incomplete Adjuvant (CFA and FFA, respectively) 
15 (Sigma, Si. Louis, MP), phospholipid complex (PLC) (Emulsigen; MVP 
Laboratories, Paiston rB), o'.MCosaminylmuramyl dipeptide (GMPD) (C.C. 
Biotech Corp., Powr>y, CA), aluminum hydroxide pel adjuvant (alum) Seargent 
Pulp and Chemra! Co., Clifton. NJ) or gelatin (Knox Geluine, Englewood 
Cliffs, HJ). Sc.- :n -.iter:, u ,.r d^-m-d hy ELISA from blood collections as 
20 described in Ex ■ ::plc 3. 

Mice, were vTim—izM hy intraperitoneal inject inn on Day 1 with 
the compositions set out i, Tal «o I . Each group contained 3 mice except Group 
7 which contained only on-., in -dd^n, 7 mice from Group 5 died after the first 
injection. In ea^h pt., P) a secondary in-:tion, identical to the primary injection 
25 unless othenvi: p..*, was Hnv '^r.: on the 21st day after the primary 
injection. Dlr-v •. s collected fr - the mice on three occasions: i) 21 days after 
the first injection; 31 d-y< af -r the first injection; and ii.i) 43 days after the 
first injection. 
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Table 1 

Immunization Protocol 

Group Immunization Composition 

1 Chitosan particles with chicken ovalbumin* 
5 2 Chicken ovalbumin"* in PBS 

3 Primary Injection: 

50% CFA with chicken ovalbumin** in PBS 

Secondary Injection: 

50% IFA with chicken ovalbumin** in PBS 

4 5% PLC with chicken ovalbumin**- 

5 Gf.fDP with chicken ovalbumin** 

Coin position: 

20 pi 5 mf 'ml chicken ovalbumin in PBS 

1 M l 10 m /:-! GMDP 

21 pi mi ..nl oil 

8 pi - \\\ro:v.c L-12P* 
1 pi Tween F0 

6 20% Alum v/i;h chicken ovalbumin** 

10 7 Chicken ov-llnimin** in 3% gelatin 

* Final oval 1 :mir: confer/ration 2 mg/ml 
** Final oval: umi" r-^nrc '.:?/. ".on i mg/ml 

* Obtained from . . SF, ■■yanoricfte Corp, Parsipany, NJ 
(Described in U.S. Pme: t 4,772,466) 



Dosage/mouse 
40-60 Ml 
80-100 m1 
80-100 Ml 



80-100 m1 
50-80 m1 



80-100 m! 
80-100 Ml 



15 



Antibody production in response to the immunizations described 
were measure 1 by HJS A and the results from the first two bleeds arc shown in 

Tabic 2. 
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Tab!e 2 
Scrum Antibody Levels (OD 490 ) 



GROUP 



FOLD SERUM DILUTION 




Secondary 



Primary 



Secondary 



Prim 



arv 



Scci\:dary 



Primary 



Secondary 



Prir 



Seccr 



6 


.... 

Pn.-ary 


''!p,' 


7 


IV="-ry 


Secor. nry 



250 

0.20 
0.25 
0.00 
0.00 
0.!0 
0.17 
0.00 
0.06 

0.02 

0.M 

0.00 

0.06 

0.0-0 

0.07 



1250 

0.13 
0.19 

• 0.03 
0.00 
0.07 
0.15 
0.00 
0.03 

0.00 

0.08 

0.00 

0.02 

0.00 

0.02 



6250 

0.05 
0.12 

0.00 
0.00 
0.09 
0.12 
0.00 

0.00 

0.00 

0.02 

0.00 

0.01 

0.00 
0.01 



J 



in 



These r,s„l. S indi- ,ed that chitosan prepared as described 
Example 1 enhances ,H u, ■, , fX) , sc rreater than ^ ^ ^ ^ 

employed adjuvants when ; , — ^rrd vn ; n t™«^. i . • . 

- rcd v ^trapentoneal injection. Endpoint 
titration hy EIJSA (T- x 'e ^ 'Hit;-'™ * a-- 

— ".i!»...ngadi..^rent spectrophotometer, gave results 

consistent with the rer- 1 '^ : - -r-»-i- - c a • 

■ fcndpouu. measurements in Table 3 
can generally be consi* ere*' ■ * hr. -iiuer I- 'ow 0.20. 
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ExampVe 6 

Chitosan Stimulation of Macrophages In Vitro 
In view of the observation that various soluble and insoluble 
derivatives of chit in activate peritoneal macrophages in vivo, [Nishimura, ex al 
5 supra], assays were conducted to determine if particulate chitosan possesses the 
same biological property. 

Peritonea] macrophages were isolated from both untreated BALB/c 
mice and mice treated with known macrophage activators. The macrophage 
activators used were mineral oil, starch, and .polycarbophi! (B.F. Goodrich 
10 Company, BreaksviUc, Off) . Macrophages were removed from the mouse 
peritoneal cavities by washing with RTMI, collected in siliconized tubes and 
washed three time with Hank's Buffered Saline Solution (HBSS). Washed cells 
were than allocated into tubes with cither chitosan beads containing ovalbumin, 
carboxy fluorescent or fhwoiwhiocyana^ (FITC) labeled Staphylococcus 
15 aureus prepared as described in Example \ . Cartx>xy fluorescene and FITC wells 
did not contain ovalbumin antipen. Mnc-phage and antigen were allocated into 
a 96 well plate foliowi: g a one hour Ln-ubation in a small siliconized tube. 
Observations were done n different time points using a fluorescent microscope 
under both visible and ui.raviolct light. 
20 O^'l-min/cH'rvpn rrrtidrs did not fluoresce, indicating that 

chitosan alone do\< no: flvorrrv. V.r'hm five hours, fluorescent chitosan 
panicles could be r.^cn in all ma^phage cultures containing carboxy fluorescene 
or RTC-laKMcd S. aureus, includi thos-: that had not been pre-activated. At 
thirty hours, diffuse fluer\sr\nt staining of macrophage in culture could be seen. 
25 This observation snv^c-is tha* the pmtcin/chitosnn particles were being 
phagocytized and d^s^d in vi-m by peritoneal macrophages regardless of 
Whether they were pre activate!. rm'--ninary data also 'suggested that the 
phagocyiiy.ed antip^n is then pror'--*-^ 
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Example 7 

Immimopotentistion as a Function of Route of Administration 

In order to assess the influence of route of administration of 
antipen/chitosan on stimulated antibody production, immunogens were 
5 administered to mice via either intraperitoneal injection, oral ingestion or rectal 

deposition. 

For all routes of administration, ovalbumin/chitosan particles were 
prepared as described in F^mple 1. For intraperitoneal injection, mice were 
immunized one time with ] 00 ovalbumin. For oral and rectal administration, 
10 mice v/crc immunized with 100 ug ovalbumin on the same day as the mice that 
received intraperitoneal immunizations, in addition to a second immunization two 
days Inter with the same ovalbumin dosage. 

The level of stimu u, ~d antibody production as a function of these 
various routes of ad.m' Mstn.pon, ?s determined by EUSA described in Example 
15 3, are set forth in Tab;S 4. 

Table 4 
Induction of Immune Response 
by Different Ponies of Administration 



Serum 




Intrapoi 


itoneal 




Oral 


Rectal 


F/ilut ion 


A dju v-mt 
Only 


A .juvani 

and 
An:igcn 
1 : xed 


Antigen 
in 

Ciitosan 
l-^ads 


Antigen 

Only 


Antigen 
in 

Chitosan 
beads 


Antigen 
in 

Chitosan 
beads 


1:10 


.035 


.'02 


.586 


.053 


.553 


.190 


1:5? 


.027 


.032 


.296 


.054 


.112 


.026 


1:2:0 


.022 


,P?3 


.137 


.026 


.080 


.036 



25 Background ! :, er <;?termincd for antigen alone following 

intraperitoneal injection vr ^n. p .>ient between experiments and did not vaiy 
signifu antly as a f .:c('nn of . :!c f p ''ministration. 
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These results indicated that administration of ovalbumin in chitosan 
beads by either intraperitoncx', oral, cr rectal routes of administration effects 
comparable levels of sen.m antibodies in mice. In addition, simple mixing of 
antigen and chitosan beads, or chitosan beads and antigen administered in the 
separate site (data not shown) did not induce a comparable level of antibody 
production to that induced by antigen encapsulated, or intercalated, in chitosan 
particles. These results w-rs n-rticuhrly surprising in view of previous reports 
that oral administration of ir.-!..!,lc chitosan is ineffective in potentiating the 
immune response (Marcinlucvicz, et ai, supra).. 

Example 8 

Comparison of Ci.itos*n Tmmunopotentiarion 
A,p.n : nst Commercial"-- Available Adjuvants 

The a'-ility ^ -en ovalbumin (OVA) to elicit an immune 
response in mice was dctrr,.:,,d aft- immunization with antigen/chitosan 
particles prepared as described in Example 1 , or ovalbumin administered together 
with other commercially available adjuvants. Administration was effected via 
both intraperitoneal and subcutaneous injection. Antibody titers, including both 
IgG and IgM, were me,-, red ai (he number of days blowing a single 
immunization as indi- -.ted in 7V-!c 5. The protocol for this study is as follows. 

Six v.-r ■>■: old : A e -nir- (?. per group) were immunized by the 
intraperitoneal or ^ik-,,;,,^ mute with 200 „g of chicken egg albumin (Sigma, 
St. Louis, MO) i, each a- .. : tc-tcd. Ovalbum in/adjuvant formulations were 
prepared according to man' " u..-:s' s-iggcsied protocols. 

Specifically, f-r ca-«i i-enhn 100 ,<1 of Complete Freund's 
Adjuvant (CPA; S" • m) was V-d wi 100 /{ | 0 f sterile phosphite buffered 
saline (PBS) conta! . ?. ?n „ n , 0 .• a • , d ,onicated until a stable Pulsion was 
formed. Each m^se r iv • o ...» of this CPA formulation. 

Ril Immunol • r -search, Inc.'s MPL + TDM +C\VS - Ribi 
Adjuvant System (RaS) (Si r •« : I-r.munochcrr.icals) was prepared by mixing 100 
Ml of warmed rcco:::.: : :- ; i.d a xv. .: ill, „I ..f sterile I JS c- ntaining 200 M g 
of ovalbumin. Ear' • o tlsc r . v« '2 , I <-f ; :.j s fomuilation. 
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Hunter's TiterMax Adjuvant was also obtained through Sigma 
Immunochemicals. Each dose was prepared by mixing 25 p\ of adjuvant with 25 
/*1 of sterile PBS confining 200 of ovalbumin and sonicating until a stable 
emulsion was formed. Each mouse received 50 /xl of this formulation. 

5 AdjuPrime Immune Modulator was obtained from Pierce 

(Rockford, EL) and prepared using the manufacturer's suggested dry antigen 
protocol. AdjuPrime powder was mixed with ovalbumin powder at a 1:15 (w/w) 
antigeniAdjuPrimc rr"? v:d finely ground between sheets of weighing paper with 
the bottom of a flask nr.! 51 h;,mcpencous. This. mixture was then reconstituted 

10 with sterile PBS to a fir- 1 ! ovalbumin concentration of 1 pg//il. The final 
immunizing dose was therefore 20^ ul containing 200 /xg of ovalbumin. Identical 
booster immunization preparations were stored frozen at -20*C until required. 

Ovalbn " r v ~h:!o$an immunogen was prepared as described in 
Example 1. Ar-;.x>.'_ i crw^s determined by ELISA as descri!;>ed in Example 

15 3. 

F : f\:rc ! shews the geometric mean titer of TgM anti-ovalbumin 
antibody product!- n h" A r.;h group of mice at 7 days post immunization (dpi). 
In Figure 1, the :nr r Ojir.l rroups were immunized with ovalbumin and the 
adjuvant as follows: f ">up 1, in rapcritoncal injection with A dju Prime Immune 

20 Modulator; Gr •' ?., 'ri~* r ; ri:onca! injection with PBS; Group 3, intraperitoneal 
injection w : :h chi'xsar; Grj-up 4, intraperitoneal injection with Ribi Adjuvant 
System; Group 5, i;^pcrn-r, n d inaction with TiterMax; Group 6, 
intraperitoneal inaction -\ h Complete Frrund's Adjuvant; Group 7 subcutaneous 
miection w : :h Copt!'*'* , ! r ' |,f A juvant; Group 8, subcutaneous injection with 

25 P:.S: Group 9, sul-c ~*r.* ; - in- 'ion with cliitosan; Group !0, subcutaneous 
ir.ioci ion with P*'m .vi"t System; Group 11, subcutaneous injection with 
TiterMax. Thes^ d ^ ir that ch.'tosan associated antigen poorly stimulates 
early (cay 7) < -■•w'.or pr \.i ~'"-m. It should be noted that many of the other 
adjuvant pr^parr"- .:. p- >:d in I'-'hcr levels of TgM antibody production. In 

30 contn r, . 1 a c cvidc. n '. ' il " t.; c mca n titer of TgG anti-ova!bumin antibody 
d\> siiown i„ Fif . s . ,s.>ciatcd antigen stimulates more rapid and 
hl-.-p^- levels of t ■ G - } ^ *v p* rtion ^y mice. Data n Figure 2 were derived 
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from groups immunized as described for Fip.re 1, supra. This result indicates 
that antigen associated wit!: chitosan more quickly stimulates immunoglobulin 
class switching to B cells v.hich do not produce IgM. Because memory B cells 
produce IgG, rapid and elevated levels of IgG production suggests that chitosan 
association may result in enhanced immunologic memory. 

The total anybody ! : !crs on days 21, 28, and 35 following a single 
intraperitoneal injection of 7™ ,,g ovalbumin in each adjuvant are presented in 
Table 5. Values represent pi r-.etric mc-n titer from treatment groups containing 
three mice. Note that many i-n.unization protocols call for booster immunization 
at 21 days post immun^Ka ( !,-;) and that the antibody response induced by 
chitosan associated ovalbumin at 21 dpi was superior to all other adjuvant 
formulations re r -rd'c« the rr-.:'c of administration. Similar results were 
obtained Rlo^r.g a single yibc-,.<:mrcv^ injection. The results are set out in 
Table 6, -..herein value'- - p-o-ct-r. means titers from groups of three 
15 individual .nice. 



10 



Comparative In-— inpr'cntiai-n - Intraperitoneal Injection 



20 



: Aj)juv * * 
i _ 


2 : i 


! ?.8 dpi 


35 dpi 


PRS 

i 




320 

i 


100 




| 10240 


20480 




7:7 


| 933 


173 


T'-.'.-r Max : 




93^7 


14520 


AdjuPrimc 




1920 


4270 


CF.\ | 




'.•'15 r >7 


20-180 + 
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Table 6 

Comparative Immunopotentiation - Subcutaneous Injection 



ADJUVANT 


21 dpi 


28 dpi 


35 dpi 


PBS 


640 


27 


97 


Oiitor.an 


93!?7 


5973 


12800 


Ribi 


533 


80 


187 


; TiU r ?..;ix 
1 


1 

! _ 


6987 


7254 


j CPA 

l ... 


640 


20*180 


20480 + 



Example 9 

10 Immunopotoi . Axon as a Function 

oT the N?iU:re of C. it osan/ Antigen Association 

In k\ .! r so determine *.:c ef r ect of the form of the protcin/chitosan 

association has or i-munr xMen' : ^:on, a study was performed wherein pro- 

tein/chitos' n adjuv:v prcpa;H by various methods was administered to mice. In 

15 one case, the immpir^en was prepared as described in Example 1 (Group 1). In 

another case, chitor.ar pa.rtic>s were p^-pared as described in Example 1, except 

that no anlincn wis uL'^d in the ; anuion (Group 2). In still another case, 

antigen w^s p:- % p iv<" ■* <;"■ -Cfirv" ' i Example 1, except that no chitosan was 

utilized in the pr*pa- i: .\ In ti.i? ir.^t case, chitosan particles were added to 

20 album '.n antigen rr :irr.d is : ! . -.scribed in Example 1 (Group 3). The 

immunization protoc. i was as follows. 

Nin^ p f I.P'e mice wrre divided into three groups of three mice 

(n = 3). .Earb pro'*^ r-^ivv! intr •■■er'.r^ncal injections of 1 0^ u g of antigen. The 

first rroup p; - iv n ' com;- 'sine, IT) ;tg ovalbumin torcther with 200 fig 

25 chii^r-n rcnclcr pi ": as t 'ribe<! in Example 1. The second group 

received ot:)v 100 -valb :-min \ Hes prepared using the same method. The 

thin! frov.p r:ceiv:'' * u:z of 1C9 ^g ^valbirmin particles and 200 fig 
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chitosan particles. The geometric mean anti-ovalbumin antibody titers of these 
groups of mice at 21 dpi -. s determined by EUSA are presented in Table 7. 



Table 7 

Immunopotentiation as a Function of Antigen/CMtosan Association 



GROUT 


TfXATMF.iWT 


21 dpi 


1 


Ova. bum in coupled to em'tosan 


747 


2 


Ovalbumin panicles alone 


40 


3 


Oval! in. in and chinsan mixed 


33 



The results of this experiment are informative because they 
establish that the. observed V /■:■•-! activity is not due simply to physio-chemical 
alterations- in the ovalbumin rw.il.ing f.om its narticulation during the chitosan 
coupling procedure. Th~ : , \ dirgs ai o indicate that the adjuvant activity of 
ovalbumin/cbi.osan prcpar ,:s results ."mm their conjugation and that coupling 
is required for maximal activity. 

These results, therefore, arc distinct from those described by 
Marcinkiewicz, rr a!., [surra- -rt ruzuki aal. [supra] as neither of these groups 
reported a need advann^ to conation of the antigen to chitosan. These 
groups applied chitosan ?- a 'v-rr-cifi. i-rmmostimtilator of macrophages, by 
either prtv.ren--.ng with a s ri; • of -!.!to""..e injections or adminir.'ering it at the 
same time as :-,.; r :i. Pes,.! ; set out in Example 5 are consistent with these 
previously reported ob-e.-v i -, hdio-.f -fivation of peritoneal ma^phages 
and the phar-x-yiovc 0 f chi.r • i-odrtted .-V.orcsccnt antigen (data not shown). 
More impon-ntly. ,-vcvcr. C. re :!-.s in Tabic 7 show that covalcnt association 
Of particulate or r .;i. .inoovs c >-- n an ! nn-incn are required for the maximal 
indue. ,or ! ° r i 1 ^''-/ ^ro' , "~.t ; - — „ 
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Additionn! distinctions exist between these results and the woikof 
Marcinkiewicz, et a!. [*apra] and Suzuki era/., [supra]. Both groups used Jeme 
hemolytic plaque assays to quantitate the TgM antibody producing plaque forming 
cells (PFC) in the spleen. Herein, however, total antibody levels Ln the serum 
were measured, in addition to concentration of both IgG and IgM isotype 
antibodies. Marcinkiewicz, et al., and Suzuki, et aL, also describe the PFC 
response to Sheep R? f P.l^-xi Cells (SP.BC), a particulate antigen, whereas the 
present invention his : "i exemplified utilizing chicken ovalbumin, a soluble 
antigen, in association \ ith insoluble chitosan particles. Marcinkiewicz, et aL 
and Suzuki, et nt., rv\ ^rtcd the eTHcicy of only intraperitoneal route of injection; 
herein successful imnr. .:";p^entiation was obtained using both intraperitoneal and 
subcutaneous routes of injection. 

As p~v' ^rlv r t2*H, the results shown above in Table 7 are serum 
titers determined f r v.t>- % " eovalently associated with a particulate or 
gctatir.Diis form of en' r In another experiment using soluble chitosan, 
oppos:!°- results wer* obtained. Br'^Hy, a 1 % chitosan solution in acetic acid was 
prepared is d* xrib"d -:v' mixed w v :i heat denatured to f al porcine zona pellucida 
protein. The pH of the. mixture was raised to 6.8 using NaOH and approximately 
200 antigen was 1 '^rted subcuiineously into mice. Results indicated that 
ser.im t:, .er for zon? pr^ins w.s h'. iier when the antigen was not crosslinked to 
the soluble chitosan m when t':e antigen/chitosan was crosslinked using 
glutaraMehydc. In :; ' i'ion, thn irnuuine response was much more rapid in the 
ahscnr * c:v *'.bn u *:v. 

Evample 10 

P. "pemf : on -a!/Chi<osan Complexes 

Li ' ^' £ F>". ! 7/.nc, Copper, or Niekel 

Previo- ~er"uio:v during the purifintion of poly-HIS-tagged 

zona peMuci'^ (Z/, * roteins 1 big nickel (Ni)-Sqoharose chromatography 

surge tli..* sperm pv i: .ly bo;, .d to the Ni-immobilized ZP proteins as 

coii-ipn. i ;■; lb* bin J* - betertc;! witb 7.** proteins immobilized on other affinity 

columi..;. This ol^ r "" "Mi™ is n f ^nr.xulir interest because ZP proteins play a 
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role in sperm binding to oocyte. This obseivation suggested that the poly-HIS- 
tagged ZP proteins may be capable of maintaining a more natural conformation 
when immobilized by this method. This obseivation, when combined with a 
previous observation that chltin possesses the ability to chelate transition metal 
ions, led to an investigation of the possible use of a metal/chitosan chelate for 
binding a poly-HIS-taggcd antigen and its use as an immunopotcntiator. Given 
that transition mctn! ions ar~ :-xic in general, several different ions were initiaUy 
tested to produce the metal' \trsan complexes. 

1 J prepare ch ' -;an/mctal complex adjuvants containing either zinc, 
copper or nickel, a 2% ch:-. m solution was initially prepared by dissolving 2 g 

G ' in 100 ml 2% acetic acid, the resulting 
ino. as an alternative, the cfvtosan solution can 
/ g in ! X) ml 0.5 M sodium acetate pH 4.5. A 
:c per s.j.ri.tc solution was prepared in deionized 
:'M to 0.2 M an j niter sterilized. Tie 2 % chitosan 
• ; dein-:i7..:J <vate.r and 4 ml of the ^suiting 1% 
^ 10 m! of t^e desired metal salt solution. The 
J or. an end -n end shaker for 2 to 4 hours at room 
s snnkai-d using a Branson Soiiifier 250 for 3 to 
■i : ire < • -d to 12.0 - 12.5 with 10 N NaOH 
::: .-.alt was --rrr^yed, a white complex precipitate 
->al! war '•••<■!, the complex u-s Iirbt green and 



chitosan (CTC Organics, A. 
solution sterilized by aut- i 
also be prepared b v * ,; s.sc- . .i 
zinc acetate, nickel r :i... r a:e - 
water at a mo!ar :, y ly^weon. f 
solution was dlli-icd .1:1 i. : 
chitosan nkr.ion was adci ' 
resulting suspension was 
temperature:. The mixture v 
5 minutes and the \ 11 of r'<*r 
during sonicatirr. When ,! e 
was formed, w'.- n [he ni ■ 
when the c \ r. sals wa c . i 
mixture wis c-nuKfujcd at " 
discarded. The pallet wa< v.-. 
wash, the wet v^g'.i of t ]• 
pellet rcsi^perv!-! in ? M rr 
werc either iiv 'ir.tcly co- 
PBS at ro : er.;ure. 
be stable [or up '.') six mont : 
A*! 'nens we 



of two alternative 



the ~-m/V, x was blue. After scnication, the 
' rpm ( / X $ f or ]Q m j mitrs 3nr? sup ernatant 
:ed t wice w-.h PRS, r H 7.2, cen'.rifugcd after each 
'!! ' c : . rrrvned, and the metal/chitosan complex 
\ ; - l 7..° »n 8.0. The metal/chitosan complexes 
> nn - M : -in, or stored in either ? M urea or 
* si, red * ^c>!/cl*i<osan complexes have shown to 

^ n ' y this method, 
wentr-d * • (he metal/chitosan complex by one 
: - r ' ° r!s - L hn ~ r ' : r^ins were crosslinked to the 
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metal/chitosan complex using glutaraldchyde as previously described in Example 
13 and the following example. In another method, (described in this example), 
recombinant proteins contained a C-tcrminal poly-histidine region to facilitate 
purification and to permit association of the protein with the metal component of 
5 the mctal/chitosan complex. This procedure is described as follows. 

Recombinant proteins modified to include six histidines (poly-HIS) 
were expressed in ei f Vr bacteria, yeast, insect, or CHO cells ?sid purified using 
Ni-Scpharose or cobalt (Cc)-5?; r.:r-sc chromatography both of which are well 
known in the art.. JRecombi:iant .-rotcin was .equilibrated in 8 M urea and 

10 incubated with the chit' "an meta! complex in a plastic tube for 1 to 3 hours at 
room tci /crarurc. Fr .'owing incubation, protein/metal/chitosan complex was 
pelleted by centrifugal! n for 10 r:;".nutcs at 1000 x g and the amount of complex 
bound protein cst'im?*?*' by 'i^U.rm'rv.p.e protein concentration in the supernatant 
foil v/ir.H centrifura':^ n *: ! sub r^c :? the amount initially added to the binding 

15 reac ,: cn. In gen-oral, the result i .j; ratio of mg an'.ifcmmg wet weight 
mctrT'chitosan averaged 10:1. Tie pellet was washed two times with PBS, 
resign-: - d in P3S and the concentration adjusted to .1 mg antigen/ml buffer. 

5" pec i He use and rv.r from the use of an antigen/zinc/chitosan as 
an imrnur^cn are cle<r 'Ned N?.low in Examples 11 and 12. 

20 Hv -nHe 11 

Tr— rv.?ne rcsponv T Recnr^hin" t Pig Zona Felluc : da Protein B (Pig-b) 
C;;:ri;:L ,.d '.Vi. . Chifos*:: 'o.nplexecl With Fithrr of Nickel, 

C\ er or Zinc 

Pr-onbi:: ;nt porcine zona pellucida protein pig-b, expressed in 
25 bacteria, was cc -ipl :cd to c':hcr nickel/chitosan, coppcr/chi'osan, or 
zinr'c^ \san as 'V*-.*- 1 \ at- in .'-ample 10. Individual groups of mice were 
immunized intr^r^ ' • oM y with r, : ,t °r 5, 25, 100 or 750 jip protein/mouse in 
cas ' of r.irtel/ '\: . : nd zir. ?./:'• ' can, or either 5 or 25 //p protein/mouse in 
case of enppv/d ito:-;:i:\ Fact: ?j • " received a booster immunization on day 21 
30 after the ir'-ial irr-uiniv -ion with i 1 ".are amount of an( ; ^en and rnetal/chitosan. 
Micr. were bled on dnv S, 21, 2? md 49 after the first immunization and serum 
titer ri-^Tuir.ed ' y F SA • ( - : bed above in Example 4. Senim titers 
det; -> : ^i*-M * ^"y ■ ■■ 1 ^d zona pcllucida r'g b and h p at solubilized 
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total native pig zona are shown in Tables 8 and 9, respectively. These results 
suggest Little difference between the chelate adjuvants in terms of 
immunopotentia t ion . 

Table 8 

5 Senim Titer Determined By ELLS A Using Recombinant Pig-C 



Dose/mice 0« t )- 




25 


ion 


250 


Pip-B Nickel-chitosan 


Day 










8 


200 


100 


800 


3.2K 


21 


'V.; 


16k 


32k 


8k 


28 


3"k 


r-'k 


>£1k 


>64k 


49 


! <c 


6 k 


>fr1k 


>64k 


^l?-?"! Z'nc-chitosan 


Day 










8 


2?\) 


100 


800 


3.2K 


21 


1 ; :■: 


32k 


64 k 


>64k 


28 




> >' !k 


>6--1k 


>64k 


49 




>r ;k 


>6-1k 


>64k 


P ; '<-R Co; pcr-cl-.itos.in 


Day 










8 




200 


ND* 


ND* 


21 




2 k 


ND* 


ND* 


28 


3;:< 


37K 


ND* 


ND* 



*ND- dose not d'r.nt 
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Tnble 9 

Serum Titer Determined By ELTSA Using Heat-Denatured Total Zona Pellucida 
Protein 



Dosc'mice Q(g)- 5 25 100 250 

5 P'-f-V Nickel-chitosan 
Day 

8 200 200 800 400 
21 500 lk . 4k 4k 
28 4k 8k 16k 16k 

10 Fie-R Zinc-chitosan 
Day 

8 200 200 200 3.2 

21 500 2k 32 k 8k 

28 8k I6k >64k >64k 

15 Fir-?. Oppcr-chitosan 

Day 

8 800 1.6k ND* ND* 

21 500 Ik ND* ND* 

28 lk 4k. ND* ND* 

20 *m. Jo** Of- 1 done 



Ex— p'- 12 

Imnn! ni?.al ion Wifh W ~!erial!y Expressed 
Zona Pellucida Pip.-C Frnfrin f :mplcxcd with Zlnc/Chif osan 

Balb/c mice v/irc immunized with bacterially expressed 

25 recombin?nt nip zona pc!!"c:fla 0 prctrin fpjg-c> and complexed to rinc/chitosan 

by the following protocol. 

The pig-c vMlvcn was in'!:i!Iy expressed in and purified from 

E.coli and siM.scqu^ny — m '-x-d vUh z. .>rhitosan prepared as described above 

in Examp'c ! n . 1."—. "C" ; ~~ ~-d ir.tr-pcritoneally v : 'h 100 /ig 

30 antigen/mouse (Group I). !r zo:m- } gr-up (Group II), mice were immunized 
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at 100 jig/mouse with purified protein alone, and in another control group (Group 
HI), mice were immunized w'vh pig-c protein associated with precipitated zinc 
acetate following the same protocol in Example 10 for making zinc/chitosan 
except that 1 % chitosan was net added to the solution. The mice were boosted 
on day 21 with pig-c antigen ai 100 //g/mouse complexed with zinc/chitosan by 
the same preparation used for the initial immunization. Mice were bled on day 
21, 28 and 49 by rctro-orbita! pim^rure nnd s^rum titers. were measured by EUSA 
as described in Example 4. Re :!(«■ shovn in Table 10. 

On day 21 , sen: ; *.h;r i. : G:, p I averaged 64k as compared to 
titers of less than 250 for <~r^up 11 an;i Ik for Group IH. After a booster 
immunization on day 21 ..-.vine the irhial immunization, scrim titers 
determined from Ueeds takr.n on day 28 were found to be more than 64k for 
Group I, and <!k for !-rh Group- TT and FT. These data indicate that nether the 
antigen alone, no: the m/etal'ir. ' > n — ^ nrV:;s 0 f ,! ie adjuvant are responsible 
for the observed immune rer;-- .:-\ Uv. ;r immune response requires the 
appropriate ami; ^Vr.xf-/;:) " > n c m- ! -x " r rapid stimulation of an immune 
response that pc.-° :r !s over ti- ,rv . 



Tuhle 10 

Comparison of Tmmimc P.?-oor-. V ' • / ' rvioenAletal/Chitosan, Antigen or 
Antigen/ Metal 



Days After 
Immunization 


Antigen 


r :.n?.3.: :>i ; .-C 

Oi. -A 1 r ''"Zi.itosan 

f ' :ovn r ) 
_ * 


Recombinant Pig-C 
(Group II) 


Recombinant Pig-C 
Precipitated on Zinc 
(Group HI) 


21 


"k 


<250k 


lk 


28 


^ 64k 


8k 


4k 


49 




4k 


4k 
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Example 13 

Preparation oT Chitosan-Metal Complexes Containing Iron 

For preparation of an iron/chitosan complex immunogen, 4 g ferric 
ammonium citrate was dissolved in 10 ml distilled water with 100 /il 11.6NHCL 
5 Four ml of the 1 % chitosan solution prepared as described above was sonicated 
and 200 ;/l of the ferric ammonium citrate solution was added during sonication. 
The resulting solution was cemrifuged and the pellet containing iron/chitosan 
complex was washed c . in deleted water. Recombinant proteins modified to 
include six hislidinc resides were coupled the iron/chitosan complex as above 

10 except 8 M urea was not added. Alternatively, with proteins such as egg 
ovalbumin or bactcria 1, -- : ra! proteins which did not include the poly-histidine 
sequence, the antigen r?s coupled to the iron/chitosan complex by one of the 
met hoc] s describe.! as f !'"ws. 

In a T. method, imn 'chitosan complex was prepared as described 

15 above. A protein soluiio ^. in PT1S oH 7.4 was added and the resulting suspension 
vortrr^d to obtain a i:r" -m i-i^ure. A 25% glutaraJdchydc sohtion was diluted 
1 :4 wi.h VPS and pd * ^ the *en/rhitosan mixture at a volume of 20 ftlper 
ml of the a::t* -'c l n mixr-:. \ Hie resulting suspension was mixed on an end 
to end ;.!. :•' - -1 hours. After nixing, 100 fi\ 1 M glycine in PBS was 

20 added to neuin"" -\ u - ~::c! p!ut.?r 'Thy > and incubation continued for 1 hour 
at room t-mpe nti:r f \ The rrv vpj^e was erntrifuged for 10 minutes at lOOOx g 
and th". rcsulti::r p >' visi.H tv.o tuner with PBS. Afier t!v- fnal wash, the 
pell?! was resusprn. *■ ' a an." -r. concentration of 1 mg/ml in PBS and 
immH'Ht -'v \\ r r-\ :o ' --e :;.u 'T. 

25 ] n an -:ive r t: preceding protocol, I % chitosan, prepared 

as describee! al-^'e pn : rr. ..plexed v.T'i iron, was added to a desired protein 
and the r rtr ul g r. ' ■ " , c h Ten rcvly f o prepare a uniform mixture. As 
(l c;;C n!wi a 75" iv ■ • H-y : e r-'ution was diluted 1:4 v-ith PBS and 

addr*-'^: an' : per'~" n \\< • ' a vo! :mc of 20 /*! per m! -mtigen/chitosan 

30 mixing ""V -e ■ '* —»s incubated at room temperature for 

appr >:i .i *iy 2 t<- r ) ; t :>i"xl glutaraldchyde-induced crosslinking, 

after v-. i- * :i.nr 'he r.i :. u - -me a *c!. The loosely crosslhhed material was 
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generally clear, flowable and did not appear to be particulate when viewed under 
a microscope. The rcsulii,^ material was sonicated for 2-3 minutes during which 
time 400 ,<1 of A g/ml ferric ammonium citrate solution was added which induced 
formation of fine yellowish -brown particles in which the antigen was entrapped. 
5 The antigen/iron/chitosan particles were pelleted by centrifugation for 10 minutes 
at 1000 x g and the resulting pellet rcsuspended at an antigen concentration of 
about 1 rrp/ml. This solution was u..ed to immunize mice by the protocol 
described in r.xamr'" 3. 

Example- 14 

0 Preparation of P::!:n:: la'ed Iron Chitosan 

In vi'W o' j./evious rcpo-s regarding immune stimulating complex 
(TSCOM) vHch have been d-r— nstr: ! to induce a higher titer when the 
complex is r !mi:yh!-vt ; tV Hiding p rondure was carried out to modify the 
antigen/met d/rhiiosan complex prior to immunization. 

5 Protein amif.-m was inco^.^tM into iron chitosan particles by any 

of the method described ?. -vc ard -aloii ' - rroups were ad^ed by the following 
procedure. Twenty m? itic a:ihy;!'\ ' was dissolved in I ml of (riethylamine 
and. the so!r : \; a'Mcd to a nrotei-'mei "-hitosan complex solution at a ratio of 
10 i:l palmier -nhyd.id- :o< ev- ; - 1 mg c f antigen in the iron/chjiosan complex 

) solution. T.:c r-suiti.-g soh.:-n <,vas mix C ! by gentle tapping and allowed to sit 
at room temper -.ire for -t i-ast two hour h-o.x the preparation was diluted and 
used for i.m fv !u: i^.aiior.s. 



V v a m. ^ ! r I ^ 

ImmtmP-ti-n V.'ith P>r T -o r; r In Tron/chitosan Particles 

25 ' it ; l. .. : !.:?■. !mity!ation 

' : '-' ,nn !: "!^» p" " protein expressed in tf.crttf was 
incorporated 0; i: vc\ ' san p..:v-!cs as follows. Ten ml 1% chitosan 
solution in 2 --tic acid was sonic.a::d 2 3 minutes with continuous addition of 
4C? y \ 0.4 g';-' '* :r:c r.:v. : v.:.!!" citr.:e «-,.:lu::.-m during sonication. Resulting 
30 iron/chitosan *^rti~!?s were t ->te ! by ce.trifupation and the pellet washed two 
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times with dcionized water. A solution containing pig-c protein expressed in 
E.coli was adjusted to a pH 7.8 with PBS and incubated with iron/chitosan 
particles, incubation was allowed to continue overnight with mixing on an end to 
end shaker. After incubation, the antigen/metal/chitosan particles were pelleted 
5 by centrifugatrn at 1^00 x g for 10 minutes and protein concentration in 
supernatant measured by the Bradford method known in the art. The final ration 
of antigen to mctal/chitosan was d^nmined to be 3.7 mg pig-c protein bound per 
gram wet weight imn-chitosan. Prior to use as immunogen, the pig-c iron was 
adjusted to a concentrv.icn of 1 mg antigen/ml. • 

10 In order t° produce ? palmitylatcd pig-c/iron/chitosan immunogen, 

particles rrodur:d a*: c! xribed a hove wore initially incubated in 8 M urea. A 
solution nf 20 r\g palni : p ar.hydrid^ was prepared in 1 ml tnVthylamine, and 10 
p\ of sohiiic" was ad-'xi to 1 rn ^uivnlent (protein) pig-c/iron/chitosan. The 
mix!ur-. war shaken ge- M y and avowed to incubate at room temperature for at 

15 least 2 ho-vs before ur-"- as an imrnunr-g^r!. 

P^b/r w v/er? 2, nunized intraperitoneal 'y with e ; ther pig-c 
incorpora'M in m/r" ' ran particle- ^rpalmilylatcdpig-c/iron/chitosnn particles. 
Individual g: n-ys of r;.\ w*rc mi'i. "y immunized with 100 ^g protein and each 
group w?s 1 M on d- y 22 fol'owing the initial immunization with identical 

20 dosag? c - at..' ■ -r. 'hr*:. Mice were Med on day 7, 14, 22, 4? % 56 and 63 after 
the ir.'./a! rnmvriza.:'- and serin antr^y titers estimated by EIJSA against 
recombina-.i p : f-c pro"-' \ A c , -:so:i of the scrum titers against pig-c in the 
both groups ar ^wv:^ ' e- : *n ;he ' "Mc 3. 

;;cp.nn . :$ were t. -^::ra!;le in the primary response, but after the 

25 booster imrr-.uv -\ " :rn titer \:\ he proup of mice injected with palmitylated 
antigen w.- ? > \ - ly high- ■ (> i 28k) that determined for the non- 
palmi' * 1 w \:p r ' 



WO 96/09805 PCTAJS95/12189 



-35- 
Table Jl 

Effect of Palmitylation on Mctal/Chitosan Immunopotentiation 



D?.ys After 
Im munjzation 


Preparation 


Pig-C/ 
Iron/Ch ->san 


Palmitylated Pig-C/ 
Iron/Chitosan 


7 


400 


400 


H 


3.2V 


3.2k 


22 


3.2k 


3.2k 


42 


64 k 


128k 


56 


178!: 


>128k 


63 




> 128k 


76 


6!k 


> 128k 



Although the present invention has been described in types of 
preferred embodiments, it is intended '!.ru the present invention encompass all 
modifications arc! variations whrh -cur to those skilled in the art upon 
15 consideration of the disclosure herein, ' in particular those embodiments which 
are within the broadest proper intcrpr > ;ion of the claims and their requirements. 
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WHAT IS CLAIMED IS: 

1 . A method for potentiating an immune response in an animal, 
said immune response characterized by rapid immunoglobulin class switching 
from production of IgM to IgG, said method comprising the steps of: 

a) conjugating an antigen to chitosan to produce an 
antigen/chitosan conjugate; and 

b) airr : mistering the antigen/chitosan conjugate to an animal by 
a route of administration th.it perm : is the animal to mount an immune response 
to the antigen. 

2. The method of claim 1 wherein the chitosan is an insoluble 

particulate. 

3. The method of claim 1 wherein administration of the 
antigen/chitosan conjugate is oral. 

4. T>e method of claim 1 wherein administration of the 

antiren/chitosan conjur.*:c is imm-rectal. 

5. The method of claim 1 wherein administration of the 
antigen/chitosan conjun'.e r, \v.[\ peritoneal injection. 

6. T M c rr.^'hod of chim 1 wherein administration of the 
antigen/chitosan conjur o is subcufm^ous injection. 

7. T. c m^h^d rj claim 1 where the weight: weight ratio of 
antigen to chitrsnn is in t:"* .v; T 1: 100 to 100:1. 

R. The m^'hod of claim 1 where the weight: weight ratio of 
antigen to chitrsnn is : !,c r;t ^ " c" to 1:10. 
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9. A method for pot en* iating an immune response in an animal, 
said immune response characterized by rapid immunoglobulin class switching 
from production of IgM to If G, said method comprising the steps of: 

a) mixing an antigen with chitosan; and 

b) administering thr antigen/chitosan mixture to an animal by 
a route of administration t! v. permits (lie animal to mount an immune response 
to the antigen. 

10. The mct.hod of claim 9 wherein the chitosan is an insoluble 

particulate. 

11. The r^thod of claim 9 wherein administration of the 
antigen/chitosan suspension i". oral. 

12. The method of claim 9 wherein administration of the 
antigen/chitosan suspension is intra-^ciai. 

13. 7T.e ~>etho-'! of claim 9 wherein administration of the 
antigen/chitosan suspon: : ^ \: ' -^ritoncal injection. 

H. T:^ method of cMm 9 wherein administration of the 
antigen/chitosan susyxvv - r \r rr :s injection. 

.15. The m rt, .hod o r da : :n 9 where the weight:weight ratio of 
antigen to chitosan is in ?1 f*. 1:100 to 100:1. 

Ifi. The iv -h*^ c r c!- : m 9 where the weight: weirht ratio of 
antigen to chito n n is in tl :■ ^f ! : "1:10. 
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17. A composition for potentiating an immune response in an 
animal, said immune response characterized by rapid immunoglobulin class 
switching from production or IgM to IgG, said method comprising an antigen 

conjugated to chitosan. 

18. The composition of claim 17 wherein the chitosan is an 
insoluble particulate. 

19. ^ - composition of claim 17 where the weight: weight ratio 

of antigen to chitosan is in the range of 1:100 to 100:1. 

20. TV composition of claim 17 where the weight: weight ratio 

of antigen to ch^san is in the nrrc of 1:4 to 1:10. 

21. A c^mpns^on for potentiating an immune response in an 
animal, said in: r; -p— - characterized by rapid immunoglobulin class 
switching from proch—on of IgM. to IgG, said method comprising an 
antigen/chitosan suspension. 

72. The compor : t!on of claim 21 wherein the chitosan is an 
insoluble panicuhte. 

23. T'-e composition of claim 21 where the weight: weight ratio 
of antigen to Chilean i r ir i ihz rang'* of 1:100 to 100:1. 

2-\ T z co^no-" -n of claim 21 where the weightrweight ratio 

of antigen to ch : '^ r .an ^ : n i!r range of 1:4 to 1:10. 

?5. / ^ ?»-'juvant c-mprising in combination chitosan and a 
chelate! m° h l i -n. 
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26. The adjuvant of claim 25 wherein the metal ion is a 
transition metal. 



27. The adjuvant of claim 26 wherein the transition metaJ is 
selected from a group consisting of copper, zinc and nickel. 

2£. The ,v'Hv ? .nt of claim 25 wherein the metaJ ion is iron. 

29. An immunogen comprising an antigen in combination with 
the adjuvant of any of clain^ 75 through 28. 



30. The i-nmunogen of claim 29 wherein the antigen is a 

protein. 



31. The i„m„no r -.n cf claim 29 wherein the antigen is 
covaJently crosslinked !c the. 

32. Thr. ir r !n *p»n of claim 3 1 wherein crosslinkinp is effected 
using glutaraldchyde. 

33. The ir. .:»» nogen of c Wm 32 wherein the crosslinked 
immunogen is partiai'-Me. 

34 • Thc ' y n ^ en claim 32 wherein the crosslinked 
immunogen is hMncvjs. 

35. Thc fan —en of rw, m 79 wherein (he proteijl compHses 
a recombinant rr^tcin. 



36. TV. in- • nop-n cf rh\ m 35 wherein the recombi 
protein further cmnnri^s a p, i<iinc rv„ino acid sequence. 



nant 
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37. The immunogen of claim 36 wherein the poly-histidine 
amino acid sequence is I nked to the carboxyl terminus of the protein. 

38. Tic immunopen of claim 36 wherein the poly-histidine 
amino acid sequence is linked to the amino terminus of the protein. 

39. The immunogen of claim 36 wherein the protein is attached 
to the adjuvant through reaction of the poly-histidine amino acid sequence and 
the metal ion. 

40. A method for producing an adjuvant comprising the Steps 

of: 

?^ preparing a chitosan solution; 

r chel.itl:^ a metal ion to the chitosan to form a 

mcial/chitosan complex; and 

c< isolating the metal/chitosan complex. 

4 1 . T-.e method of claim 40 wherein the metal ion is a transition 

metal. 

42. T 1 e method of clam 41 wherein the transition metal is 
selected from the gror . ir.-i r, ir.g of copper, nickel and zinc. 

43. TV m n 'fcH rf claim 40 wherein the metal ion is iron. 

44. A method for producing an immunogen comprising the steps 

of: 

v -^n-ng a chitosan solution; 

I ; chcl :r.f a meal ion to the chitosan to produce a 

p Mn i/ r i,;f^r- o complex; and 

o combining an antigen with the metal/chitosan complex. 



WO 96/09805 PCTAJS95/12189 

-41- 

45. The method of claim 44 wherein the metal ion is a transition 

metal. 

46. The method of claim 45 wherein the transition metal is 
selected from the group conning of copper, nickel, and zinc. 

47. The nr.:. or! of claim 44. wherein the metal ion is iron. 

48. The method of claim 44 wherein the antigen is a protein. 

49. The mc-'.od of claim 44 wherein the antigen is covalently 
crosslinked to the metal/chiV- :i comp!-\. 

50. Theme; od of claim 49 wherein the crosslinking is effected 
with glutaraldehyde. 

51. The ir-ho-i of claim 50 wherein the crosslinked 
metal/chitosan complex is pr. • , ..;: : tc. 

52. Tlie m hod of ,i,; m 50 wherein the cross i inked 
metaiychitosan complex is gr!' Irons. 

53. The m-'-d -f cb:m 49 wherein the protein comprises a 
recombinant protein. 

5-1. The me" -d r<~ r'rV- 53 wherein the recombinant protein 
contains a poh'-hi<-!idirsc ::mi. -rr: •;. -qy* ;cc. 

55. T'e mr" — ' rf cb" i 5-1 wherein the poly-histicfine amino 
acid sequ-nce linJ-rd to the c- 'v. ! tern- .us of the protein. 
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56. The method of claim 54 wherein the poly-histidine amino 

acid sequence is linked - the amino terminus of the protein. 

57. The method of claim 54 wherein the protein is associated 
to the mctal/chitosan complex through interaction of the metal ion and the poly- 
histidine amino acid sequence of the protein. 



of: 



58. /- method for producing an immunogen comprising the Steps 

a) preparing a chitosan solution; 

b) co:.:h! : : an antigen with the chitosan to form an 

antigcn/cl.'.. rr.n complex; and 

c) chclati-r a mc;rl ion to the antigen/chitosan complex. 

59. TV method of claim 58 wherein the metal ion is a transition 



metal. 



60. Th- m-!.~ ! -f claim 59 wherein the transition metal is 
selected from the group r ^r.<:-::i . 'T co—cr, nickel, and zinc. 

61 . Tr method of claim 58 wherein the metal ion is iron. 

62. The method ^ c!;^ 58 wherein the antigen is a protein. 

63. T: 1 mwhrv - r ch : - 58 wherein the antigen is covalently 
crossljnkcd to the chiro 

cyl. Th ■ nr'hod of claim 63 wherein the crosslinki.ng is effected 
with glutarajdchvde. 

65. Th m^::K : of claim M wherein the crosslinked 

antircn/chitosnn ."omnl.*- n*«nic , M. l [e. 
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66. The method of claim 64 wherein the antigen/chitosan 
complex is gelatinous. 

67. The m-hdd of any of claims 63 through 66 wherein the 
protein comprises a recomK -nt protein. 



fX A met I; d fn r '-noting an immune response comprising 
administering to an animal a« immune^ according to any of claims 29 through 
39. 



